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CHAPTER I
THE PROBLEM:

Teachers of biology have a real need for demonstrations to support and clarify principles to be taught.

Hered-

ity, one of the units taught in many high school biology
courses, lends itself nicely to demonstrations of a problem
solving nature.

A demonstration might be used to introduce

or to solve a problem.

I.

STATEMENT OF THE PROBLEM

It was the purpose of this study (1) to present a
method of teaching principles of heredity at a level understandable to students of a high school biology class, (2)
to present a list of resource materials for use in a heredity
unit, and (3) to show how the use of live animals might
intensify student interest in this subject as well as in
other phases of bird life such as nest building, incubation
of eggs, hatching of eggs, voice and communication, and
effects of nutrition on chick development.
II.

IMPORTANCE OF THE STUDY

There is a tendency to place elementary principles of
heredity on the secondary level.

Earlier it had been left

almost entirely to the college and university.

There is a

very definite need for it on the more elementary level since
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many high school students never enter college or university.
One of the reasons it is at times not given on the high
school level is the highly technical and symbolic methods
the geneticist employs.

Since there is every reason, however,

for having more of the general public appreciate the importance
of heredity, it seems fitting that some methods be devised for
more readily translating its principles into terms understandable to those of less mature standing.

An attempt will

be made in this paper to handle the subject through the use
of the problem method, allowing terminology and technics
to appear incidentally wherever needed.

The study of heredity

is introduced by the presentation of a problem in the form of
a living animal, the ringed turtle dove (Streptopelia risoria)

(1:264).

CHAPTER II
THE BACKGROUND AND CARE OF DOMESTIC DOVES,
AND THEIR USES IN THE LABORATORY
I.

THE TAXONOMY AND HABITAT OF THE DOMESTIC DOVE
~

.2.f ~domestic~•

taxonomy

The domestication

of the dove apparently goes back to biblical times, when
doves were used as sacrifices.

"It is now known that the

wild species Streptopelia risoria of N. E. Africa and the
Red Sea region was the progenitor of the domestic dove"
(7:100).

Linnaeus named the dove Columba risoria, "habitat

in India" (3:17).
Streptopelia.

Later the doves were placed in the genus

Pigeons were placed in the genus Columba.

Authorities today place the domestic dove (ringed turtle
dove) under the genus Streptopelia and the species risoria.
Three color varieties exist in the domestic dove:
blond (the most common), white (actually not devoid of
pigment), and dark (rare).

The white variety, once thought

to be a separate species, is merely a color variety.

Many

pet store operators still do not know it or try to capitalize
on the myth of distinctive origin by calling them "Sacred
White Indian doves."

The writer has observed a suggestion

of the ring on the nape of the neck and a band on the under
side of the outer tail feathers such as found on the blond
variety.

There are several common names for the blond

variety, among the most common are "ringneck dove," "ring
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dove," "ringed turtle dove," Barbary dove," "Collared turtle
dove, 11 and "laughing dove."

In French they are "tourtelle

a collier," and in German, "die Lachtaube."
~

habitat .2.f.

~

domestic dove.

The habitat of

wild Streptopelia risoria has been described thusly:

"steppe

landscape with isolated groups of trees and bush forest in
the vicinity of milo-maize fields.

The diet consists almost

exclusively of milo-maize and grass seeds" (7:18).

Along

the coast of the Red Sea they are said to be "extraordinarily
plentiful and found in every garden and at each and every
watering-place • • • the still hot air resounds with their
monotonous took-tookaroo, took-tookaroo.

They cannot be

driven from the wells, are completely tame and confiding"
(2:135).

II.

PROBLEMS RELATED TO DOVE MANAGEMENT

Foods !ill£ nutrition.

In the laboratory the doves

thrive on poultry feed; a pound will feed a breeding pair
for about two weeks.

Mash is not utilized by the birds,

however: they prefer whole or cracked grain, or pellets.
Wheat and cracked corn are excellent staple foods.
"scratch feed" is usually good.

Chicken

For optimum nutrition,

especially when nesting, the birds also need a little
better protein food (such as dried peas or vetch) and
minerals.

Here the writer has used a commercial pigeon
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feed containing peas, vetch, grass seed, corn and wheat.
Well-crushed shells from hard boiled eggs furnish the
needed calcium; coarse sand dampened with brine made from
iodized table salt completes the list.

If birds do not

have natural sunlight (not filtered by window glass) they
also require a little vitamin D, given by moistening the
feed occasionally with cod-liver oil.

Poultry pellets

provide many of the trace requirements, but care should be
exercised that such feed is reasonably fresh.

Special

pellet feed for pigeons can be purchased, and this seems to
give increased viability.
Housing.

Doves are best kept in pairs in cages of

inch-mesh poultry netting.

Doves of this species are not

naturally ground nesting birds and should have a shelf to
offer them a nesting place off the floor.

A cage two feet

in each dimension and requiring no lumber can be made in
half an hour.

The cage is fitted inside a carton cut down

to eight inches high to serve as a bottom.

Such a bottom

will serve to collect droppings and spilled food that
would otherwise cause a constant mess in the laboratory.
The wire floor of the cage should be held up several inches
above the bottom of the carton by rods running through
the carton's walls.
The cage should be furnished with a perch-rod, about
an inch thick; and a nest-box, such as a cigar box, containing
about an inch of sand, with excelsior packed saucer-like on
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top.

If birds are to be observed building their own nest,

twigs should be placed on the floor of the cage and nothing
placed in th.e nest-box.
feed and water cups.

Other important furnishings include

Serviceable cups can be made from

discarded tin cans (pint size).

Figure I shows such a cup.

With tin snips make two cuts an inch apart, half-way down
from the lip.

Next with a pair of pliers bend the strip

out and down to form a hook.

Finally bend the sharp edges

of the other part of the cup inward.

Hang the finished cups

on the outside of the cage, holes for the birds to reach
out being made about three inches above the floor level.
Half a dozen cups per cage are desirable to permit separating
the different sorts of items, cafeteria-style.

Week-ends

and vacations pose problems when you have animals in the
laboratory unless adequate food and water can be left before
them; here it is possible to arrange enough cups to provide
sufficient food and water for several days.
Housing the doves in an unheated room is of no
consequence.

Doves are able to adapt to extremely cold

weather provided there is no wind.
ever, be dangerous to health.

Rapid chilling may, how-

"Doves are susceptible to

about the same range of diseases and parasites as are pigeons"

(6:66) but are less hardy.

Ordinarily if doves act healthy

they are free of trouble and will live and breed from five
to ten years.

In case of illness, home remedy medication is

not recom.~ended.

If the bird does not recover in a couple
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.
j:

I

Figure 1. Peed ~n~ Water Cu~R Ma~e from One-fint
Tin Cans.
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of weeks with isolation, rest, and good food, it is best
killed.

An exception is infection of the eye, which can

become chronic.

Rubbing with carbolated vaseline or

aureomycin has been found curative.
Obtaining~ disposing

£f stock.

Doves are sold in

dime-store pet shops located in the larger cities, and most
pet shops have contacts with bird dealers.

Most of the

larger bird dealers on the West Coast are in Los Angeles
or the surrounding area.
Once breeding of doves has begun in the laboratory,
there will soon be surplus stock.

It is suggested that

students be given young birds or that birds could be sold
or given to pet shops.

Some pet shops will board your

basic stock birds during the summer just for their attraction to passers by.

In any case, do not just release the

birds out of doors.

It would be better to pickle them for

lessons in anatomy than to lose them to cats and dogs.
III.

DEVELOPMENT AND BEHAVIOR

Development
Many phases of the dove's life cycle may prove
fascinating and informative to the student observing them.
The phenomenal growth of baby doves is always surprising to
the student.

The developing embryo may be watched from time

to time by placing the egg close to a bright light.

Incubation
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will take twelve to fourteen days.

The hatched chick will

show tremendous growth in the first twenty-four hour period.
Hatched from an egg of about an inch and a quarter long, the
young squab will measure two inches in body length at the end
of fourty-eight hours.

The weight of the bird increases from

one-half ounce to eight ounces in four weeks.

Young one

week old will weigh about two ounces, and by the end of the
second week they will weigh about four and a half ounces.
The increase in weight slows up a little during the third and
fourth week.

This could be accounted for by the rapid growth

of plumage during this period.

The change from a SJerse

covering of down at birth to almost a complete growth of
plumage by the end of the fourth week must be a drain on the
birds' systems involved with growth and development.
Several areas of development could be observed by the
class when the young birds are raised in the classroom.

The

development of the plumage in their respective feather tracts
would be of interest.

The lengthening and unfolding of the tele-

optiles is evident in the two week old chick.

Different feathers

are observed to form at different times in different areas •
Feather count.

An actual count has been taken of the

number of contour feathers in certain birds.

The actual

number of contour feathers to be found on the ringneck is
unknown to the writer, but a number in the neighborhood of
2,500 seems logical.

The contour feathers of the mourning
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dove (Zenaidura macroura) were found to number 2,635 in one
count taken (8:34).

We might conclude that the similarity

in size between the mourning dove and the ringneck dove would
indicate that the number of feathers found on each might be
comparable.

In addition these birds are members of the same

family (Columbidae).
Development of plumage.

After leaving the nest there

is continued growth in body and plumage.

The plumage will

continue to grow for almost another month subsequent to leaving
the nest.

The young bird will reach full adult stature when

between six and nine months of age.

The molting of the young

bird into the more vivid plumage of the adult completes the
externally observable development.
Behavior
Another area to be studied profitably in the laboratory
is animal behavior.

The objective study of animal behavior,

ethology, is the fastest growing branch of biology today.
Among the more recent studies are Lehrman's "Previous Breeding
Experiences and Hormone-Induced Incubation Behavior in the
Ring Dove" (5:1667) and "Dove's Glance Causes Female to Lay

. .

~gg" (8 ·24)

Another recent research was carried on by Wall-

man (9: 34).

This study dealt with the bowing behavior of the

~~

courting male ring dove.
The dove's behavior is interesting to observe in the
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laboratory.

Doves show signs of panic when bright lights are

flashed in their vicinity ~t night or when any quick movement
startles them.

The gentle dove confronted with an unfamiliar

object, flashing color, or strange noise may suddenly explode
into activity, beating against the cage sides in frantic efforts
to escape.

The commotion is contagious if other doves are

present, and pandemonium reigns briefly.
down and soon tranquility is restored.

Then the birds settle
Doves do not like being

restrained in the hand, but they may perch on one's palm without restraint.
The writer has had doves fly down out of a tree and light
on his shoulder.

They appear to be very curious and like com-

pany, especially after being confined alone for several days.
~brooding~brooding dove.

There is nothing more gentle than a

One can take its eggs or squabs out for exam-

ination or handle the bird without any commotion.

One hen on

eggs was observed to remain on the nest while her cage was sped
along the highway in the back end of a station wagon.

The shelf

in the cage was such that the bird could look out and observe
objects moving by her vision.

lli

defending

!!!.ill.·

The adult male will defend his nest

against invasion of much larger birds, such as a homing pigeon.
A very fierce battle will ensue when two adult ring dove males
are placed together.

Two males were observed chasing each other

among some tall fir trees for more than three hours.

The flapping

of their wings and the sounds of the birds crashing through the
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limbs caused quite a tumult.

,lli courting behavior.

The male when placed with a hen

will be noticed slapping and pecking at her until she remains
quiescent and then he will bow and coo to her by the hour.
calls can be heard from early morning until dusk.

The

The birds

will call continuously on a moon-lit night during the spring
and summer.

This cooing, bowing, puffing up, strutting, and

kissing by the male seems to bring the female into breeding
condition.

The courting will be followed in three to five days

by nest building.

Here the female usually squats close to the

nesting site and waits for the male to bring nesting material.
If fine twigs are available, these are usually taken before
grasses or other materials.

The male brings the nesting

material to the side of the hen and she reaches out with her
bill to take the twig or other material.

She will then bend

the material around her body in the form of a shallow bowl. The
nest is carried to completion and the first egg can be expected
between the seventh and tenth day after the pair were first
introduced.
later.

The second egg will be found in the nest two days

There are two eggs to a clutch in most instances.

IV.

HEREDITY

Heredity studies are commonly carried on through the use
of animals and plants having rapid reproductive rates.

Bacteria

and insects are such organisms, and they offer the geneticist
the large number of offspring needed in a significant statistical
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study.

Several generations can be worked within a few weeks

or even days.
Three Fundamental Aspects of Heredity
Three fundamental aspects of heredity; color dominance,
sex-linkage, and sex-determination, can be demonstrated in the
high school laboratory through the use of doves.

Doves are easily

observed, whereas bacteria and insects require careful observation, special techniques, and a well equipped laboratory.
Color dominance.

Color dominance can be explained by the

use of the following example.

ifuen a homozygous (pure for the

trait) blond male dove is mated with a homozygous white female,
all the offspring will be blond.
~-linkage.

Blond is dominant over white.

Sex-linkage can be understood when it is

known that certain chromosomes carry specific genes for characteristics such as color of eyes or plumage.
doves is carried on the X chromosome.

The color gene in these

Male doves have two of

these X chromosomes and females one X and one Y chromosome.
Y chromosome does not carry the gene for color.
chromosomes are sex determining chromosomes.

The

The X and Y

The X chromosomes

given up to an egg by the female will carry a gene for color and
determine the sex of the chick.

Sex and color determiners are

linked together on one chromosome, thus the term sex-linked.
~-determiner.

The female dove determines the sex by

contributing either an X chromosome to unite with one of the
male's X chromosomes and giving a male progeny or a Y chromosome
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to unite with an X given by the male to make for a female offspring.

The chromosomes are, of course, carried in the sex

cells, egg and sperm.
Demonstrating _lli Fundamental Aspects of Heredity
The demonstration of the~e principles would begin with
the teacher amazing the class by telling the sex of a dove
embryo two or three days old by its color, and prove it when
the bird matures.

To get such embryos, you simply mate white

males with blond or dark females as shown in Figure 2.

Once

obtained, the egg can be "candled" by holding it against a
hole in a cardboard before a bright light in a dark room,
making the embryo clearly visible through the paper-thin shell.
Embryos with black eyes will be males, while embryos with pink
eyes will be white females.

If one has difficulty, in the

embryo stage, determining the color of the eye, he can tell
the color and sex of the young by the presence or absence of
dark brown pigment just in back of the tip of the beak.

The

chick can be examined for this purpose as it emerges from
the egg or for that matter after it has hatched.

To explain

this ability to sex young embryos, one assumes that colfr
genes are borne on the sex chromosomes.

Female cells have

a single sex chromosome while in males there is a pair.

To

illustrate this, Figure 3 shows the using of little~ to
represent the recessive gene for white and big W for the
dominant allele.

The dash line represents the lack of one

chromosome in females (they actually lack a section of the
chromosome on which the sex and color determiners are found).

FIGURE 2
BLOND AND WHITE DOVES
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FIGURE 3
WHITE AND BLOND CROSS
If we were to cross two white doves we would expect to get
all white offspring; white males and white females .

To

explain this we would show the male having two recessive
genes for white (!!!!) and the female one recessive gene for
white (~) as shown in Figure 4.

A third pairing using the

blond female (original mother) and a heterozygous (blondwhite) male offspring taken from the cross shown on Figure 3.
We would represent the male as (fill) and the female as (~).
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FIGURE 4
WHITE MALE WITH WHITE FEl-1:ALE
In this crossing we would expect some white hens as shown
in Figure 5, some blond hens as shown in Figure 6, and all
blond males as shown in both Figures 5 and 6.
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FIGURE 5
BLOND-WHITE Iv1ALE WITH BLOND FE:tvIALE
THROWING WHITE DAUGHTER
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FIGURE 6
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CHAPTER III
SUMMARY AND CONCLUSIONS

I.

SUMMARY

In preparing this study the attempt was made to
(1) present a method of teaching principles of heredity at
a level understandable to students of a high school biology
class, (2) present a list of resource materials for use in
a heredity unit, and (3) show how the use of live animals
might intensify student interest in this subject as well
as in other phases of bird life such as nest building,
incubation of eggs, hatching of eggs, voice and communication,
and effects of nutrition on chick development.
II.

CONCLUSIONS

Some fundamental aspects of heredity have been presented through the use of the domestic dove.

Color dominance,

sex-linkage, and sex determination were the areas treated in
this report.

In addition to presenting a few fundamental

aspects of heredity, resource materials are listed in the
appendix to supplement the teacher's background.

Finally,

demonstrations presenting various phases of bird life were
covered.

Among those treated were nest building, incubation

of eggs, hatching of eggs, voice and communication, and foods
and nutrition.
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If learning experiences of some value can be provided
for through the use of this study, the time and effort have
been well spent.
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FILMS ON HEREDITY

1.

Heredity and Environment 11 min - sound - color
$2.50 Craig Corporation, 1021 E. Pine, Seattle, Wn.

2.

Heredity (1939) 11 min - sound - black and white
$2.50 c. w.
u. w. w. s. u.
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